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CALIBRATION PROCEDURES FOR r1EASUREMENT
OF REFLECTANCE FACTOR IN REMOTE SENSING
FIELD RESEARCH
B.F. ROBINSON, L.L. BIEHL
Purdue University/Laboratory for
Applications of Remote Sensing
West Lafayette, Indiana

Abstract
A means by which measurements of the
optical properties of crops and soils can
be knowledgeably compared from site to
site and instrument to instrument is presented in detail. The definition of bidirectional reflectance factor is reviewed
and discussed.
Procedures
for field
implementation are illustrated and discussed.
Spectral and goniometric properties of laboratory and field reference
surfaces are given.
It is concluded that
intelligent use
of the
bidirectional
reflectance factor technique is an accurate and practical means to obtain the
spectral, optical properties of crops and
soils needed for advancements in agricultural remote sensing.
Introduction
The use of optical radiation for the
indentification
and quantification
of
agricultural crops from earth satellites
has reached near operational status for
some crops. 1 2
As the technology develops there is a growing awareness of the
need for understanding the optical properties of crops and soils.

analyzed across sites and instruments in
on-going agricultural experiments.
Bidirectional Reflectance Factor (BRF)
A reflectance factor is defined as the
ratio
of the
radiant flux
actually
reflected by a sample surface to that
which would be reflected into the same
reflected beam geometry by an ideal (lossless) perfectly diffuse (Lambertian) standard surface irradiated in exactly the
same way as the sample. 4
The essential field calibration procedure consists of the comparision of the
response of the instrument viewing the
subject to the response of the instrument
viewing a level reference surface.
For
small fields of view (less than 20 0 full
angle) the term bidirectional reflectance
factor has been used to describe the measurement:
one direction being associated
with the viewing angle (usually 0 0 from
normal) and the other direction being the
solar zenith and azimuth angles.

f

Researchers are heading to the fields
in increaSing numbers with a variety of
instruments to measure radiation reflected
and emitted by soils and crop canopies.
While many types of measurements will
prove to be useful, there is a need for
data which may be compared from site to
site and instrument to instrument, independent of atmospheric conditions.
The purpose
of this paper
is to
describe and discuss a calibration procedure which has been used since 1974 by the
Purdue University Laboratory for Applications of Remote SenSing and the Field
Research Program of the Earth Observations
DiViSion, NASA, Johnson Space Center 3
to obtain measurements which are being

The true bidirectional reflectance factor" R(ei'~i;er'~r) is defined for incident
and reflected beams where (ei'~i) and
(8r'~r) are the zenith and azimuth angles
of the incident beam and reflected beam,
respectively.
The essential field calibration procedure consists of the measurement of the
response, Vs , of the instrument viewing
the subject and measurement of the response, Vr , of the instrument viewing a
level reference surface to produce an
approximation to the bidirectional reflectance factor of the subject.

Rs(8i'~i;8r,¢r)

V

s Rr(ei,¢i;er'~r)

Vr

(1)
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reflectance factor of the reference surface.
Rr is required to correct for its
non-ideal reflectance properties.
The assumptions are:
(1)

The incident radiation is dominated by its directional component.

(2)

The instrument responds linearly
to entrant flux.

(3)

The reference surface is viewed
in the same manner as the subject and the conditions of illumination are the same.

(4)

The entrance aperture is sufficiently distant from the subject
and the angular field of view is
small with respect to the hemisphere of reflected beams.
For
our purposes a 20° angular field
of view is about the limit for
this assumption.

(5)

The reflectance properties of
the reference surface are known.

An understanding of the factors which
affect the bidirectional reflectance factor of agricultural scenes will provide a
basis for
improved
identification and
quantification of agricultural crops.
A
deeper understanding will be required in
the future with the advent of improvements
in characterizing the optical properties
of the atmosphere over frames of satellite-borne sensor data and future satellite sensors which view the surface at
angles significantly different from normal.
Field Procedures
The field procedure for reflectance
factor calibration will vary with the
instrument system depending mainly on the
means used to support the instrument above
the crop.
The principle is, as nearly as
possible,
to measure the level reference
surface with the same conditions of irradiation and viewing as the crop was measured. For example, Figure 1 shows a multiband radiometer mounted on a pick-up
truck mounted boom
viewing a soybean
canopy.
When viewing the crop, at a

For multiband radiometers the reflectance factor results from the response of
the instrument to the radiance of the subject and the reference in each effective
passband and,
therefore,
is an in-band
reflectance.
For spectroradiometers the
spectral bidirectional reflectance factor
is computed at each resolved wavelength.
Discussion of the Approach
The objective of the approach is to
obtain a property of the scene which is
nearly independent of the incident irrad~
ation and atmospheric conditions at the
time of the measurement.
The majority of
measurements are made by viewing along the
normal to the subject and the level reference surface with solar angles similar to
the conditions of
satellite overpass.
Under these conditions,
the properties of
the subject are measured which affect the
response of the satellite-borne sensor.
If the researcher desires,
the irradiance and the directional radiance of the
subject may be determined from the raw
data provided the instrument is calibrated.
The estimation of these quantities usually involves a high degree of
uncertainty and,
fortunately,
it is not
necessary to know them to compute the
reflectance factor.

Figure 1. Truck-mounted multiband radiometer viewing a soybean canopy.
height of 4.2 meters,
the diameter of the
15° field of view is 1.1 meters. Figure 2
shows the boom rotated for the calibration
operation. To ensure filling the field of
view during the calibration operation, the
instrument is positioned at a height of
about 2 meters above the 1.2 meter square
painted barium sulfate reference panel.
At this distance,
the diameter of the
field of view, 0.5 meters, can be confidently located on the painted reference
surface. For this mounting technique, the
time from the nearest calibrations is
about 8 minutes.
Reference surface data
is interpolated to compute inband reflectance factors for each of the 15 plots
which were measured (twice) during the
interval.
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used as the reference surface for a helicopter-mounted spectrometer system.
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Figure 2. Multiband radiom~Ler positioned
over painted barium sulfate reference
panel for field reflectance calibration.
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Reference Surfaces
As listed above, an assumption for measuring BRF is that the reflectance properties of the reference surface are known.
Three kinds of reference surfaces have
been used by Purdue/LARS and NASA/JSC for
field research.
They are pressed barium
sulfate powder,5~ painted barium sulfate~
and canvas. The canvas reference surfaces
are about 6 by 12 meters and are painted
with a durable, diffuse paint.
The nominal reflectance of the canvas panel is
around 60 percent.
All three reference
surfaces are highly diffuse (for the solar
angles encountered) and have medium to
high reflective properties.
Each of the
reference surfaces were used to meet the
requirements for a given instrumentation
system.
The
spectral
bidirectional
reflectance factor for the three reference
surfaces are illustrated in Figure 3.
Figure 4 illustrates the gonimetric properties of the three reference surfaces
from 5 to 55 degrees off normal at .6 wm.
The spectral goniometric properties of
painted barium sulfate and canvas are
shown in Figures 5 and 6, respectively.
The BRF calibration
transfer for the
reference surfaces is illustrated in Figure 7.
Pressed barium sulfate is primarily
used an an indoor laboratory standard to
calibrate the field painted barium sulfate
reference surfaces.
The pressed barium
sulfate is used at incident angles of 10
degrees off normal in the indoor laboratory setup.8
Painted
barium sulfate
panels are used as the reference surfaces
for truck-mounted spectrometer/multiband
radiometer systems.
The canvas panel is
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Figure 3.
Spectral bidirectional reflectance factor of three reference surfaces
used for field research.
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Figure 4.
Bidirectional reflectance factor at .6 urn,
for several incident
angles and reference surfaces.
Polar
coordinates.
Effects of Non-Directional Illumination
An assumption for the measurement of
BRF is that the incident radiation is
directional.
Clouds and skylight cause
the irradiance of the subject and reference surface to be other than directional.
Clouds can (theoretically)
be avoided by
taking data on clear days. Skylight, however, can not be avoided.
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Figure 5.
Spectral bidirectional reflectance factor of painted barium sulfate
for several incident angles (view angle
is normal).
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Spectral bidirectional reflectance factor of a canvas panel for several incident angles (view angle is normal).
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Figure 7. Bidirectional reflectance factor calibration transfer
of reference surfaces used for agricultural field research.
The effects of skylight and clouds have
been discussed in detail by Robinson &
Biehl!and recently expanded by Kirchner,
Youkhana, and Smith.l 0
Recognizing that Equation 6 in Robinson
limited to viewing along a
normal to the subject, Kirchner, Youkhana,
and Smith extended Equation 6 to

experimental error introduced
brightly reflecting clouds.

by

large,

Comparison of BRF Measurements
made by Three Spectrometer Systems

& Bieh1 9 is

where Kl is a function of the solar and
observation angle and K2 is a function of
the solar angle. They, then applied Equation (2) using a variety of modelled canopies and sky radiances which were uniformly and non-uniformly distributed. The
errors introduced by the skylight were
less than 5% of value for solar and view
angles less than 5~ for clear days.
However,

the authors 10 caution against

During the Large Area Crop Inventory
Experiment (LACIE), 1,3
four different
spectroradiometer systems were used to
collect agricultural field spectral BRF
measurements.
The spectroradiometer systems were used in five different test
sites in North Dakota, South Dakota and
Kansas.
Common scenes, canvas panels,
were transported between the test sites to
be used for the reflectance calibration of
a helicopter mounted spectrometer and if
researchers desire
aircraft scanner
data. In July of 1977, three of the spectroradiometer
systems
were
brought
together to the Williams County,
North
Dakota test site for a formal comparison
study.

1982 ..Machine Processing of Remotely Sensed Data Symposium
438

The results of the instrument comparison study presented in Robinson & Biehl q
indicate that the procedure developed for
the measurement of BRF is sound.
Moreover, quantitative information about the
comparison of the measurements from different spectroradiometer systems is available.
The use of common scenes such as
canvas panels is a valuable aid in accessing the comparability of several spectrometer systems.
The comparison can be done
by bringing the systems together as was
done for the above study or by transferring the common scenes from site to site.
Conclusions
Bidirectional reflectance factor (BRF)
is an appropriate and useful optical property for remote sensing field research
because it is a fundamental property of
the subject. The described procedures for
use of reflectance surfaces provide a good
approximation to the true BRF of the subject because the irradiance is dominated
by its directional component, the reference surface is nearly Lambertian and the
BRF of the subject is not radically different from Lambertian.
The described procedure is an effective
means to acquire data which may be meaningfully compared from time to time, site
to site, and instrument to
instrument
because:
It is relatively easy to train
instrument
operators to
obtain
repeatable results.
- The reference surfaces can be prepared and tested at central locations; therefore, most researchers
do not need sophisticated calibration apparatus.
- The
performance
of
different
instruments can be easily compared
under field conditions.
Acquisition of meaningful data requires
that measurements be made at the appropriate scale.
This entails positioning the
sensor at a proper distance above the subject,
and careful consideration of the
field of view.
Without careful planning,
these factors and other procedural errors
can seriously limit the usefulness of well
calibrated data.
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